The variation in the concentration of protein, the various lipid fractions, volatile fatty acids, and glucose in plasma from the jugular vein was studied in 18 cows at different stages of lactation. The within-and between-cow values for the coefficients of variation and the results of the analysis of variance demonstrated that a large portion of the variation in the plasma concentration of triglycerides, free fatty acids, and glucose was due to diurnal variation within the individual cow. On the other hand the concentrations of protein, total fat, phospholipids, cholesterol esters, cholesterol, and ,B-carotene were relatively constant over a short period of time compared with the large variation between cows. The production of milk fat was positively correlated with the plasma concentration of total fat and cholesterol esters. The significance of these findings in relation to the contribution of the various plasma constituents to the synthesis of milk fat is discussed.
The above biochemical determinations carried out on blood plasma samples, collected simultaneously from the carotid artery and jugular vein of three cows, demonstrated a large uptake of volatile fatty acids and a small uptake of free fatty acids by the tissues of the head and neck. The feasibility of using samples from the jugular vein instead of the carotid artery for arteriovenous difference studies on the mammary gland is considered.
I. INTRODUOTION
Although it is well known that a significant proportion of the fatty acids of milk fat are synthesized in the ruminant mammary gland from volatile fatty acids, there is now considerable evidence that a portion of the milk fat is derived from the plasma lipids (cf. Folley 1961) . Attempts to determine the contribution of plasma lipids to milk fat in the cow have been carried out (radioactive tracer and arteriovenous difference techniques were used) but because of the nature of these experiments they have been limited to studies on one or two cows.
For general interpretations to be made from this type of experiment it is important to appreciate the variation in the concentration of plasma lipids and non-lipid precursors of milk fat. This paper describes the variation in concentration of various lipid fractions and of volatile fatty acids, glucose, and protein in plasma from the jugular vein of cows at various stages of lactation. This work is preliminary to detailed studies on the uptake of plasma lipids and other possible precursors of milk fat by the mammary gland of the cow. Arteriovenous difference techniques are used. The feasibility of using jugular vein samples instead of carotid artery samples for some of the subsequent studies has been examined by comparing the concentration of the various constituents in plasma collected simultaneously from the jugular vein and the carotid artery.
II. METHODS (a) Animals
Observations were made on 18 cows of different breeds (Friesian, Guernsey, Jersey, Australian Illawarra Shorthorn, and cross-breeds), the ages of which ranged from 2 to 10 years. Lactating cows grazed a medium quality mixed pasture of subterranean clover, white clover, ryegrass, and oats. In addition each cow was fed 1O-151b of concentrate mixture (50 parts bran, 50 parts pollard) per day together with about 8lb of medium quality pasture hay per day. The dry cows received no supplements and grazed a slightly less succulent pasture. The cows were milked twice daily at 14-and lO-hr intervals.
(b) Oollection of Samples
Blood (200 ml) was obtained from the jugular vein by venipuncture. The puncture area was anaesthetized prior to sampling thus allowing the samples to be collected with minimal disturbance of the cows. Each cow was sampled once in the afternoon between 5 and 6 p.m. and once on the following morning between 7.30 and 8.30 a.m. Cows were sampled at random over a 2-month period from mid-August to mid-October,i.e. during the spring.
The experiment was designed to permit comparisons between cows, stages of lactation (early, late, and dry), and time of sampling (morning or afternoon).
Blood samples were centrifuged at 4°C to remove the cells and the plasma transferred to polythene bottles and stored over nitrogen at -6°C until analysed. Time lapse between collection of the sample and centrifugation was approximately 10 min. Heparin was used as an anticoagulant throughout.
Blood samples from the jugular vein and carotid artery were obtained simultaneously from three cows with carotid artery loops. Samples were collected just before the afternoon milking.
(c) Analytical Technique
The following biochemical analyses were carried out: total esterified fatty acids by the method of Stern and Shapiro (1953) ; free fatty acids by the method of Dole (1956) ; phospholipids by the method of Zilversmit and Davis (1950) ; total protein by the method of Gornall, Bardawill, and David (1949) ; glucose by the glucose oxidase method of Huggett and Nixon (1957) in which Boehringer blood sugar kits were used; volatile fatty acids by the method of Annison (1954) . Milk fat determination was by the Babcock method as described by Davis and MacDonald (1953) .
Extraction of plasma lipids and analysis by thin-layer chromatography was carried out as follows: plasma (10 ml) was added, drop by drop, to 200 ml of chloroform-methanol (2: 1 v/v), which was maintained at approximately 4°C with an ice-jacket, and the extraction continued for 45 min. During this period rapid mixing was achieved by magnetic stirring. The extraction mixture was then filtered through a fat-free filter paper into a 500-ml separating funnel. The residue and filter paper were washed with 60 ml of the chloroform-methanol solvent and the filtrate layered with 52 ml of 0·85% NaCI according to the method of Folch, Lees, and Stanley (1957) . After standing in the refrigerator overnight, the phases separated (without interfacial "fluff") and the lower phase was removed and evaporated to dryness at 37°C in a rotary evaporator. The fat extract was then transferred, with several washings of chloroform, to tared vessels, taken to dryness, and the total fat determined gravimetrically: similar precautions to those of MacDonald (1962) were followed. This method extracted approximately 93% of the phospholipids as determined on whole plasma by the method of Zilversmit and Davis (1950) .
The lipid extract was dissolved in 1 ml of petroleum ether (b.p. 60-80°C) and applied along a 12-cm band to a Kieselgel G thin-layer chromatography plate. A solvent mixture of this petroleum ether and ethanol (approx. 1000 : 4 v/v) was used to separate ~-carotene. Ascending chromatograms were run for approximately 45 min (i.e. until the trailing edge of the ~-carotene was approximately 11 cm from the origin (Rp value of 0·9). With this solvent system the cholesterol esters also moved up the chromatogram, the Rp value being about 0·7. Since the cholesterol esters and ~-carotene bands were visible without staining and were clearly separated, it was possible to scratch a straight line between them.
The chromatogram was then eluted with petroleum ether-diethyl ether-acetic acid (90 : 10 : 1 v/v) (Mangold 1961) , separating in distinct bands cholesterol, free fatty acids, triglyceride, and cholesterol esters in ascending order of Rp values. The chromatograms were removed from the solvent tank when the solvent front reached the scratched line and each of the bands scraped from the plate and formed into small columns. Then the respective lipid components were eluted with chloroform into tared vessels. After a little experience the lipid bands could be removed without staining. However, a check on the accuracy of removal of the bands was always made by staining the plate in iodine vapour.
The esterified fatty acid content of the triglyceride fraction was checked by the method of Stern and Shapiro (1953) . The esterified cholesterol and free cholesterol contents were determined by the method of Abell et al. (1952) . Assuming that the average molecular weight of the fatty acids of the triglycerides and cholesterol esters was 280, close agreement between the gravimetric and biochemical determinations was obtained.
The ~-carotene band was scraped from the chromatogram after the first elution and formed into a column. The column was eluted with 10 ml of petroleum etherethanol (9 : 1 v/v) into 50-ml volumetric flasks and made up to 50 ml with petroleum ether. The ~-carotene concentration was calculated from the optical density of this solution measured spectrophotometrically at 453 mfl-.
III. RESULTS
A summary of the results of the biochemical determinations made on plasma together with daily milk and milk fat productions are presented in Table 1 . The extent of the variation of the plasma constituents can be seen in Table 2 , where standard deviations and the between-cow and within-cow coefficients of variation are presented. The variation due to differences between duplicate determinations for each constituent (analytical variation) is present in both the comparisons. Although the coefficients of variation for the concentration of plasma glucose, volatile fatty acids (V.F.A.), free fatty acids (F.F.A.), and triglycerides were not the same, both the within-and between-cow coefficients of each constituent were similar. These findings were confirmed by the results of the analysis of variance (see Table 3 ) which showed that there were no significant between-cow differences for glucose, V.F.A., F.F.A., and triglycerides. This indicates that a large portion of the variation in the concentration of these constituents was attributable to diurnal variation within the individual animal together with analytical variation. Comparisons of the mean squares attributable to analytical variation with the corresponding mean squares of the within-cow component of variation (time X cowswithin-lactations in Table 3 ) indicates that most of the variation for glucose, F.F.A., and triglycerides was due to diurnal differences. The between-cow coefficients of variation were much greater than the within-cow coefficients for total protein, total fat, phospholipids, cholesterol esters, cholesterol, and ,B-carotene. Analysis of variance confirmed these findings in that there were significant differences (P < 0·01) between cows for these constituents (see Table 3 ) which indicates that their plasma concentrations were relatively constant over a short period of time compared with the very large differences between cows.
The results of the plasma biochemical determinations were further analysed by conventional analysis of variance, least significant difference tests, and covariance methods. The between-and within-cow correlations were computed from the betweencow-within-lactation and the between-time X cows-within-lactations variances and covariances, respectively. Summaries of the analyses of variance are presented in Tables 3 and 4 . The concentration of plasma glucose was significantly lower (P < 0 ·05) in lactating cows than in dry cows and there was a significant negative correlation within cows (r = -0·77, P < 0·01) between the plasma glucose and F.F.A. concentrations. The concentration of plasma V.F.A. was significantly higher (P < 0 ·01) in afternoon than in morning samples collected from the lactating cows only. This probably reflected the different grazing patterns and pasture intakes between the lactating and dry cows.
The total plasma fat concentration of dry cows was significantly lower (P < 0·01) than in lactating cows. The plasma total esterified fa tty acids (T.E.F .A. )
concentration (a measure of the esterified fatty acids in phospholipids, cholesterol esters, and triglycerides) was positively correlated with plasma phospholipids and cholesterol esters both within (r=0·95, P<O·01; r=0·55, P<0·05) and between cows (r = 0·87, P < 0·01; r = 0·90, P < 0·01). However, there was no correlation between plasma T.E.F.A. and triglyceride concentrations. It would appear that the method for determining T.E.F.A. in plasma was not sufficiently sensitive to accurately reflect changes in the concentration of the triglycerides. The To calculate the variance ratios for between "lactations" the mean square for "cows within lactations" has been used as the denominator, while the mean square for "time X cows within lactations" has been used as the denominator for the calculation of the remaining variance ratios 
significantly positive correlation between cholesterol and cholesterol esters both within and between cows (r = 0·95, P < 0·01; r = 0·92, P < 0·01) indicates that irrespective of the concentration of total cholesterol in plasma the ratio of choles. To calculate the variance ratios for between "lactations" the mean square for "cows within lactations" has been used as the denominator, while the mean square for "time X cows within lactations" has been used as the denominator for the calculation of the remaining variance ratios terol ester to free cholesterol remained relatively constant. The ratio of free to total cholesterol was approximately 0·20 which is in conformity with the findings of Garton, Duncan, and Lough (1961) . The standard deviatioIll! computed from duplicate determinatioIll! of each constituent are presented in Table 2 Stage of .....
The between-cow milk fat production was positively correlated with the concentration of plasma cholesterol esters and total fat (r = 0'76, P < 0·01; r = 0 '81, P < 0 ·01). However, contrary to the findings of Riis (1959) there was no correlation between milk fat production and plasma phospholipids.
The results of the analyses on plasma samples simultaneously collected from the carotid artery and jugular vein are presented in Table 5 . These results show that there was a substantial uptake of V.F.A. (P < 0 ·01) and a small uptake of F.F.A. (P < 0·02) and possibly glucose by the tissues of the head and neck. The venous concentrations of total protein, total fat, cholesterol esters, cholesterol, and phospholipids were, if anything, higher than their arterial concentrations. It should be noted that three sets of blood samples were collected from cow T1, 1 day, 2 months, and 7 months after calving. The results of the lipid analyses (Table 5) on this cow clearly demonstrate that the levels of total fat, phospholipids, cholesterol esters, and cholesterol were very much lower and the F.F.A. levels very much higher immediately after calving than later on in lactation.
IV. DISCUSSION
The mean values of the various plasma constituents (Table 1 ) are in close agreement with those reported by other workers. However, the range of variation of the plasma total fat, cholesterol esters, cholesterol, and phospholipids over the 18 cows used in this experiment is much greater than has been recorded previously (Evans, Patton, and McCarthy 1961; Garton, Duncan, and Lough 1961; Duncan and Garton 1963) . The narrower range of plasma lipid values observed by these workers no doubt is related to the fact that their data were based on samples from a relatively small number of cows.
The similarity of the coefficients of variation for within-and between-cow differences in glucose, F.F.A., and triglycerides, together with the results of the analysis of variance, demonstrate the relatively large variation in the concentrations of these constituents which occur in a particular cow during a 12-hr period. As far as the plasma glucose and F.F.A. are concerned this finding is in conformity with the well-known fact that rapid adjustments in the plasma concentrations of these constituents follow alterations in metabolic status. The variation observed may have been due to different levels of stress (which would have been expected to increase both glucose and F.F.A.) associated with the two samplings but this does not seem likely in view of the inverse correlation within cows between glucose and F.F.A. This latter finding is probably in accordance with that of Adler and Wertheimer (1962) who showed a similar relationship between cows. It is not possible to compute the more meaningful within-cow correlations from their data. The lower levels of glucose in lactating cows compared with non-lactating cows may reflect the tremendous drain imposed on the glucose pool during lactation. In this connection it has been shown that up to 15 mg of glucose is removed by the lactating mammary gland of a cow for each 100 ml of plasma passing through it (Shaw 1943; Hartmann and Lascelles 1964) . Furthermore, in the lactating goat as much as 85% of the glucose turnover is utilized for milk production (Annison and Linzell, personal communication).
There is little evidence available on triglyceride metabolism in ruminants although it has been shown recently that the circulating half-life of chylomicron triglycerides in the circulation of lactating goats is similar to that in monogastric animals (Hardwick et al. 1964) . The arterial plasma of cows, on the basis of visual examination, appears to contain very few chylomicrons compared with that of goats and it may be that most of the plasma triglyceride in cows is carried in the f3-and IX-lipoproteins. The diurnal variation in the plasma concentration of triglycerides found in the present experiment may indicate that bovine plasma triglycerides are metabolically active substances and like glucose and F.F.A. their plasma concentration fluctuates according to metabolic status. The close relationship between milk fat production and plasma concentrations of total fat and cholesterol esters appear to support the suggestion of Garton (1963) that cholesterol esters and other glycerides may contribute fatty acids for utilization by the mammary gland for milk fat synthesis. However, in some preliminary experiments in which arteriovenous difference techniques were used (Hartmann and Lascelles 1964) , no uptake of cholesterol esters or phospholipids was demonRtrated. The high concentrations of cholesterol esters, cholesterol, and phospholipids in the plasma of cows with high milk fat production may reflect an increase in the turnover of other lipids such as triglycerides.
The finding that there was a very much higher concentration of V.F.A. in plasma from the carotid artery compared with the jugular vein, together with the very small difference for glucose, is essentially in agreement with the results of Reid (1950) for the sheep. The similarity in the concentration of triglycerides in the arterial and venous plasma indicates that there is not a substantial uptake of triglyceride by the muscles and other tissues of the head. The difference in total fat, cholesterol esters, cholesterol, and phospholipid (components of the lipoprotein complexes) in the arterial and venous plasma closely parallel the difference in protein concentration. The higher concentration of protein in the venous plasma is undoubtedly related to the production of large quantities of relatively protein-free fluid by the salivary glands of the head. In these circumstances the similarity of the concentrations of triglyceride in the arterial and venous plasma would suggest that there is a small uptake of triglyceride equivalent to the amount present in a plasma volume equal to the volume of protein-free fluid removed. It is clear that substitution of plasma collected from the jugular vein instead of the carotid artery in arteriovenous difference studies on the mammary gland may be feasible only for studies on the uptake of triglyceride.
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